Heterobasidiomycetes form symbiotic associations with hepatics: Jungermanniales have sebacinoid mycobionts while Aneura pinguis (Metzgeriales) is associated with a Tulasnella species.
In order to evaluate substrate dependence of the symbiotic fungal associations in leafy liverworts (Jungermanniopsida), 28 species out of 12 families were investigated by transmission electron microscopy and molecular methods. Samples were obtained from the diverse substrates: from naked soil, from the forest floor on needle litter, from between peat moss, from rotten bark of standing trees, and from stumps and rotten wood. Associations with ascomycetes were found in most of the specimens independent from the substrate. Seven species sampled from soil were found to contain basidiomycete hyphae. Ultrastructure consistently showed dolipores with imperforate parenthesomes. Molecular phylogenetic studies revealed that three specimens belonging to the Jungermanniales were associated with members of Sebacinaceae, while Aneura pinguis (Metzgeriales) was associated with a Tulasnella species. These taxa are so far the only basidiomycetes known to be symbiotically associated with leafy liverworts. The probability that the associations with Sebacinaceae are evolutionary old, but the Tulasnella associations more derived is discussed. The sebacinoid mycobionts form a similar interaction type with the jungermannialian leafy liverworts as do the associated ascomycetes. The term 'jungermannioid mycorrhiza' is proposed for this distinctive symbiotic interaction type.